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Echophonocardiography and pulsed Doppler echocardi•
ography were performed in 30 patients with mitral ste•
nosis (19 with atrial fibrillation and 11 with sinus rhythm) 
to investigate the genesis of the presystolic component 
or small apical vibrations preceding the first heart sound 
in mitral stenosis. In 27 patients, mitral valve closure 
preceded or coincided with tricuspid valve closure re•
gardless of the preceding RR interval. Of three patients 
whose tricuspid valve closed prematurely, two had a 
prolonged PR interval. The soft apical vibrations, which 
were recorded during the final rapid closing motion of 
the mitral valve echogram (B-C slope), began with the 
upstroke of the apexcardiogram. During this event the 
The presystolic component, or small apical vibrations pre•
ceding the first heart sound, has been recorded in mitral 
stenosis with atrial fibrillation (Fig. I), The genesis of this 
low frequency sound has been attributed to an increase in 
the velocity of flow across the mitral valve orifice on the 
basis of studies correlating results of cardiac catheterization 
(1-3) or echocardiography (4,5) with phonocardiographic 
findings. 
Tavel et al. (6,7) and subsequently Armstrong et al. (8) 
proposed that in the face of a rapidly decreasing pressure 
gradient, mitral flow does not increase but decreases during 
early ventricular systole or just before mitral valve closure. 
However, there have been no reports correlating heart sounds 
with phasic flow across the mitral valve. In addition, the 
role of the tricuspid component of the first heart sound as 
a possible cause of small apical vibrations remains unsettled. 
From the Second Department of Internal Medicme, Faculty of MedI•
cine, University of Tokyo, Tokyo, Japan. 
Manuscript received May 6, 1985; revIsed manuscrIpt receIved July 
17. 1985, accepted July 24, 1985. 
Address for reprints: YOShlyuki Hada, MD. The Second Department 
of Internal Medicine, Faculty of Medicine, UnIversity of Tokyo, Hongo 
7-3-1. Bunkyo-ku. Tokyo 113. Japan. 
© 1986 by the Amencan College of CardIology 
pulsed Doppler echocardiogram revealed a deceleration 
in the velocity of mitral inftow. In two exceptional pa•
tients with a prolonged PR interval, this apical sound 
was separated from a presystolic rumble that occurred 
during an accelerated phase of mitral inftow or at the A 
wave of mitral valve echograms. 
In conclusion, the tricuspid valve is not a factor con•
tributing to the genesis of the small apical vibrations 
preceding the first heart sound in mitral stenosis. These 
vibrations are caused by acceleration of left ventricular 
contraction and deceleration of mitral inflow in the pres•
ence of a stenotic valve. 
(J Am Coil CardioI1986;7:43-S0) 
Hultgren et al. (9,10) identified the tricuspid component 
preceding the first heart sound in mitral stenosis. Other 
investigators (11-14) also observed the reversed splitting 
of the first heart sound or reversed sequence of mitral and 
tricuspid valve closure in this condition. However, none of 
the previous studies (1-5,7,8) regarding the genesis of this 
sound determined the timing of tricuspid valve closure itself. 
Recently, Doppler ultrasound (15) and pulsed Doppler 
echocardiography (16-19) have facilitated the evaluation of 
blood flow characteristics with the motion of cardiac struc•
tures. In this study, to investigate further the genesis of this 
small apical sound, phonocardiography, echocardiography 
and pulsed Doppler echocardiography in mitral stenosis were 
correlated with special reference to the timing of the closure 
of both atrioventricular (A V) valves. 
Methods 
Definition. The presystolic component of the first heart 
sound is defined as the apical low frequency vibrations that 
are recorded by phonocardiography using a high pass filter 
with a response of 100 Hz/12 dB and that occur after the 
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QRS complex of the electrocardiogram and before the high 
frequency component of the first heart sound. 
Patients. This study was conducted in 30 adult patients 
who had rheumatic mitral valve disease. Each had various 
degrees of mitral stenosis that had been established by di•
agnostic methods including phonocardiography. two-di•
mensional and M-mode echocardiography and cardiac cath•
eterization. Fourteen patients had aortic valve disease, 7 had 
had open heart surgery for mitral stenosis and 19 had tri•
cuspid regurgitation; none had tricuspid stenosis. Electro-
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Figure 1. Case I. A representative echo•
phonocardiogram of a patient with mitral 
stenosis and atrial fibrillation. Arrows in•
dicate small apical vibrations just before 
the first heart sound. Note that the louder 
vibrations (large arrow) occur when the 
length of the cycle is abbreviated so that 
the mitral valve (MV) opens maximally. 
cardiograms demonstrated normal sinus rhythm in 11 pa•
tients; the PR interval in this group ranged from 140 to 250 
ms (average 183). Atrial fibrillation was present in the re•
maining 19 patients. 
Echophonocardiographic study. After routine multi•
channel phonocardiography and two-dimensional and M•
mode echocardiograhy, echophonocardiography was per•
formed using an IREX System II imager with methods sim•
ilar to those previously described from this laboratory (20). 
We recorded phonocardiograms with a medium frequency 
• I 
Figure 2. Case 7. Echophonocardiograms with 
apexcardiogram (AeG) showing measurement 
technique. Left panel, The first vertical line shows 
the onset of the QRS complex of the electrocardio•
gram. The second vertical line relates the begin•
ning of the upstroke of the apexcardiogram to the 
onset (B) of the closing movement of the mitral 
valve in the echocardiogram. The third vertical 
line shows that closure (e) of the mitral valve cor•
responds to the first heart sound. A broad arrow 
demonstrates soft vibrations occurring during the 
rapid closing movement (B-C slope) of the mitral 
valve (MV) echocardiogram. Right panel, Dual 
echocardiogram from the same patient showing a 
normal time sequence of the mitral (MV) and tri•
cuspid (TV) valve closures. The sound correspond•
ing to tricuspid valve closure is not separated from 
that of mitral valve closure in this patient. Land 
M = phonocardiograms (peG) with a high pass 
filter with a frequency response of 50 Hzl6 dB and 
100 HzlI2 dB, respectively; OS = opening snap. 
Figure 3. Pulsed Doppler echocardio•
graphic examination showmg mitral flow. 
Left panel, Positions (A and B) for ,am•
piing volumes in an apical long-axis view 
by two-dimensional echocardiography . The 
center and right panels show frequency 
spectrograms by fast Fourier transform 
analysis, demonstrating mitral flow in the 
left ventricular mflow tract (A) and within 
the mitral orifice (B). M-mode echocar•
diograms are recorded in the lower half 
of each panel. A black arrow indicates 
the deceleration of mitral inflow imme•
diately before mitral valve (MV) closure. 
The flow is displayed on the opposite side 
because its veloCity exceeds the measur•
able range ("aliasing"). ECG = electro•
cardiogram; LA = left atrIUm; LV = left 
ventricle; PCG = phonocardiogram; SV 
= sample volume; Toward and Away = 
flow toward and away from the trans•
ducer, respectively. 
Table 1. Clinical Data for 30 Patients 
Age (yr) 
Case & Sex Diagnosis 
50F MS 
2 46F MS, ASR. TR 
3 37M P-MSR. TR 
4 49M P-MS, TR 
5 44F P-MSR. TR 
6 57F MSR 
7 48M MS 
8 70F MSR,TR 
9 61M MS, AR, TR 
10 58F MS, AR 
II 39F MSR, ASR, TR 
12 50F P-MSR, TR 
13 50F MS, TR 
14 60F P-MS, AR, TR 
15 45F MSR,ASR,TR 
16 59F MSR 
17 50M MS, AR, TR 
18 SIF MS, AR. TR 
19 51M MS, TR 
20 45F MS, TR 
21 37F MS, AR 
22 42F MS. AR. TR 
23 50F MS 
24 31F MS, AR, TR 
25 42F MSR 
26 29M MS, AR 
27 43F P-MS, AR, TR 
28 53M MS, AR 
29 35F P-MS, TR 
30 50M MSR 
Mean 47.7 
:±: SD 9.2 
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HR 
(mm) 
77 
75 
59 
63 
72 
82 
72 
71 
42 
57 
81 
71 
64 
75 
71 
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75 
71 
50 
65 
47 
82 
50 
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59 
66.7 
10.7 
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PR Q-SAV Q-ACG Q-M\ M,-T, 
(m,) (m,) (ms) (ms) (ms) PDE 
Atrial FibrIllatIon 
25 20 75 10 Yes 
25 25 85 0 Yes 
25 25 70 0 Yes 
40 40 100 0 Yes 
10 30 75 25 Yes 
35 35 90 15 Yes 
20 20 90 20 Yes 
15 15 60 20 Yes 
S 5 70 0 Yes 
20 20 75 20 Yes 
10 10 75 20 
30 80 20 
20 20 80 25 Yes 
25 25 80 20 Yes 
30 25 75 5 Yes 
5 40 75 30 Yes 
30 40 95 15 Yes 
20 20 75 20 Yes 
30 90 40 Yes 
Smus Rhythm 
170 20 85 0 Yes 
140 20 70 0 Yes 
160 10 10 75 10 Yes 
240 20 70 -70 
180 20 30 85 0 Yes 
150 25 8S 0 Yes 
170 15 60 0 Yes 
160 20 20 60 10 
250 30 75 -30 Yes 
180 65 -10 Yes 
210 65 Q. Yes 
182.7 22.1 23.4 77.0 12.0* 
35.8 9.8 9.2 10.2 11.5 
*Mean value in 27 patients except for 3 with a reversed sequence of both valves. AR = aortic regurgitation; ASR = aortic valve stenosis and aortic 
regurgitation; F = female; HR = heart rate; M = male; M,-T, = interval from mitral to tricuspid valve closure; MR = mitral regurgitation; MS =: 
mitral stenosIs; MSR = mitral stenosis and mitral regurgitation; P =: postoperative; PDE = pulsed Doppler echocardiography: PR = PR interval of 
the electrocardiogram; Q-ACG = interval from the Q wave of the electrocardiogram to the onset of upstroke of the apexcardlogram; Q-M, = interval 
from the Q wave to mitral valve closure; Q-SA V = interval from the Q wave to the onset of small apical vibrations; SD = standard deviation: TR = 
tricuspid regurgitation. 
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high pass filter of 100 Hz/12 dB to determine the timing of 
the sounds. A Leatham type suction microphone for sound 
recording was placed over the cardiac apex or lateral to the 
left lower sternal border. In 23 patients, including those 
with atrial fibrillation, dual M-mode echocardiography was 
performed simultaneously with phonocardiography by 2 op•
erators, each independently manipulating the transducers for 
recording the mitral and the tricuspid valve, respectively, 
to facilitate determining the exact time intervals of A V valves. 
For 25 patients, apical impulses were recorded satisfac•
torily with echophonocardiograms (Fig. 2). All recordings 
were made with patients in the supine or left lateral decubitus 
position and at a paper speed of 100 mm/s. The time 
\ 
Figure 4. Case 7. Dual echocardiogram 
showing time sequences of mitral (MV) 
and tricuspid (TV) valve closure in atrial 
fibrillation. Mitral valve closure is ob•
served to precede that of the tricuspid valve 
in all beats. 
sequences of mitral and tricuspid valve closure were deter•
mined, and the small apical vibrations preceding the first 
heart sound were correlated with the motion of the A V 
valves and apexcardiograms (Fig. 2). 
All measurements were made to the nearest 5 ms in 
several cycles and averaged. In the patients with atrial fi•
brillation, beats with a preceding RR interval approximating 
800 ms were used. 
Pulsed Doppler echocardiographic study (Fig. 3). The 
pulsed Doppler echocardiograph used was a commercially 
available mechanical scanner, Aloka SSD 910, interfaced 
with a Honeywell recorder. This system provides real time 
images of the cardiac structures with a superimposed radial 
- -.-:>"."'f:,>------",:.---it--.~!II----+--li-fo...alfl--....... -+-- Figure 5. Case 23. Two kinds of "pre•
systolic murmur" in mitral stenosis with 
a prolonged PR interval. Small apical vi•
brations (broad arrows) occurring during 
the progressively closing mitral valve (MV) 
are identified separately from another di•
astolic rumble (thin arrow), which fol•
lows the P wave of the electrocardiogram. 
These soft deflections are shown to persist 
in a premature beat without a preceding 
P wave (the third beat). 
p 
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Figure 6. Pulsed Doppler echocardio•
grams of mitral stenosis with atrial fi•
brillation (at left is Case 2 and at right is 
Case 9). The sampling site is positioned 
within the mitral orifice. The deceleration 
of blood inflow across the mitral valve 
(MY) becomes augmented in beats with 
a short preceding RR interval, or when 
the next complex occurs in a widely opened 
position of the mitral valve (arrows). In 
the left panel, "aliasing" occurs because 
of the high flow velocity, as in Figure 3. 
SY = sample volume. 
n 
line and a bright spot on the line. The operator can move 
the line radially across the image to adjust the depth of the 
sampling site. We used the Doppler flow meter with an 
ultrasound frequency of 3.0 MHz and a pulse repetition rate 
of ~.4 kHz. The sampling volume had a teardrop shape. By 
switching to the continuous mode, Doppler signals were 
recorded by a strip chart recorder with a paper speed of 50 
mm/s, together with an M-mode echocardiogram and a 
phonocardiogram. An audio signal corresponding to the 
spectrum of Doppler shifts was also provided to allow inter•
pretations based on tonal quality. The transducer was placed 
at the parasternal and apical areas to record mitral and tri•
cuspid inflows within the valve orifices or in the inflow tract 
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of the corresponding ventricle. Flow toward or away from 
the transducer was recorded as upward or downward, re•
spectively, on M-mode display. 
Results 
The echophonocardiographic and pulsed Doppler echo•
cardiographic data are summarized in Table 1. 
Time sequence of A V valve closure. In 27 patients with 
sinus rhythm or atrial fibrillation, mitral valve closure pre•
ceded or coincided with tricuspid valve closure. The first 
high frequency component (mitral component, M 1) of the 
TV 
Figure 7. Case 20. Echophonocardio•
gram and pulsed Doppler echocardiogram 
of mitral stenosis with sinus rhythm. Left, 
A presystolic murmur (broad arrow) oc•
curs after the P wave of the electrocar•
diogram and lasts until the final closure 
of the mitral valve (MY). This event cor•
responds in timing to the A wave of the 
mitral valve echocardiogram. The tricus•
pid valve (TY) closes simultaneously with 
the mitral valve. Mitral inflow after the P 
wave has an acceleration (A wave). Right, 
The decelerated inflow indicated by a thin 
arrow occurs after the onset of the QRS 
complex of the electrocardiogram or the 
rapid closing movement of the mitral valve. 
The small apical vibrations are not sep•
arated because of the presence of a dia•
stolic rumble. SY = sample volume. 
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first heart sound corresponded to the final halt of the closing 
mitral valve. The closure of the tricuspid valve was also 
synchronous with the second component (tricuspid com•
ponent, T 1) of the first heart sound in beats of a split first 
heart sound. The interval from the onset of the QRS complex 
of the electrocardiogram to the mitral component averaged 
77 ms. In atrial fibrillation, the Q-MI interval was prolonged 
in beats with the shorter RR intervals, but not longer than 
the Q-TI interval (Fig. 4). The MI-TI interval lengths av•
eraged 12 ms in 27 patients, except for the remaining 3 with 
a reversed sequence of closure of both valves. In two pa•
tients with a prolonged PR interval (Cases 23 and 28), 
tricuspid valve closure occurred prematurely. However, the 
sound corresponding to the valve closure was not recorded. 
In one patient with a normal PR interval (Case 29), the 
tricuspid valve closed earlier than the mitral valve. 
Small apical vibrations and mitral valve echocardio•
gram. In atrial fibrillation, soft apical vibrations preceding 
the mitral component of the first heart sound were recorded 
during the final rapid closing motion (B-C slope) of the 
mitral valve or diminished mitral orifice (Fig. 2 and 4). 
When a beat had a short preceding diastolic period, or when 
the next systole occurred in mid-diastole of the preceding 
heartbeat, the soft vibrations had a tendency to become 
intensified in amplitude and they lasted longer, resulting in 
a delayed mitral component (Fig. 1). In four patients with 
sinus rhythm, the soft vibrations were also identified. The 
average interval from the onset of the QRS complex to the 
beginning of the vibrations was 22 ms. 
Figure 5 illustrates an exceptional patient with a long PR 
interval, 240 ms, with conspicuous echophonocardiographic 
findings. In this patient, small apical vibrations were re•
corded separately from a spindle-shaped atrial component 
of a diastolic rumble. These small deflections were present 
even in a premature beat without a preceding P wave (arrow 
of the third heartbeat in Fig. 5) and corresponded with final 
closure, the B-C slope. 
Small apical vibrations and apexcardiogram. The 
apex cardiogram was recorded simultaneously with the mi•
tral valve echocardiogram and phonocardiogram in 25 pa•
tients, and additionally with the tricuspid valve echogram 
in six patients. Its onset was nearly synchronous with the 
beginning of apical vibrations and began 23 ms after the 
QRS complex (Fig. 2). 
Pulsed Doppler echocardiographic study. Satisfactory 
recordings were made in 26 patients. Decelerated velocity 
of inflow was consistently observed across the mitral and 
tricuspid valves just before valve closure. This deceleration 
was more prominent within the valve orifice or in the inflow 
tract beyond the valve leaflet. When correlating the mitral 
valve echocardiogram with Doppler signals, there was an 
abrupt decrease in the velocity of blood inflow across the 
rapidly narrowing orifice (Fig. 6). The rapidity of decel•
eration varied on a beat to beat basis. In patients with atrial 
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fibrillation, mitral valve flow had a more rapid deceleration 
in beats with a shorter preceding diastolic period. It cor•
responded to louder vibrations on the apical phonocardiogram. 
In patients with sinus rhythm, an accelerated phase or 
the peak of atrial systolic flow coincided with, or occurred 
immediately after, the peak of the A wave of the mitral 
valve echogram (Fig. 7). 
Discussion 
Mitral valve closure preceding tricuspid valve closure. 
In our study, small vibrations preceding the first heart 
sound were present in patients with mitral stenosis who had 
sinus rhythm or atrial fibrillation. The normal sequence of 
mitral and tricuspid valve closure was also determined for 
most patients. Therefore, it is unlikely that the tricuspid 
component of the first heart sound is a main contributor to 
the genesis of this soft sound. Hultgren et al. (9,10) indi•
cated that the tricuspid closure sound is the vibration oc•
curring before the mitral component because of the delayed 
closure of the mitral valve, and they concluded that there 
was a reversed sequence of A V valve closure in mitral 
Figure 8. Schematic diagrams showing the timing of sounds, 
mitral valve echocardiogram, mitral inflow and left-sided intra•
cardiac pressures in mitral stenosis. Left, In atrial fibrillation, the 
velocity of mitral inflow immediately before the final closure of 
the mitral valve (MV) continues to decrease until after the cross•
over of the left ventricular (LV) and left atrial (LA) pressures. 
This event corresponds in timing to the small vibrations (arrow). 
Right, In sinus rhythm, this soft sound (large arrow) is not sep•
arated from the atrial component of a diastolic rumble (small 
arrow), which corresponds to the A wave of mitral flow signals 
due to acceleration. SI = the first heart sound; other abbreviations 
as in previous figures. 
Atrial fibrillation Sinus rhythm 
peG 
MVechogram 
Mitral flow 
LA pressure 
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stenosis. However, they did not directly determine the exact 
timing of both valve closures. It was only speculated from 
their observations that a presystolic sound was recorded 
inside the cardiac apex or the tricuspid area. In our study 
presystolic vibrations were synchronous with the onset of 
the apexcardiogram and were sometimes recorded well me•
dial to the apical impulse. Therefore, it cannot always be 
concluded that the sound phenomena over the tricuspid area 
are due to right-sided events. A reversed sequence of closure 
of both valves. as previously reported 01-14). would be a 
rare event observed only in severe mitral stenosis. 
Genesis of the presystolic murmur in mitral steno•
sis. Presystolic or, more precisely, early systolic vibrations 
occurred after the onset of the upstroke of the apexcardi•
ogram and lasted during the B-C slope or the progressive 
narrowing of the mitral valve orifice. These phenomena are 
analogous to those in normal subjects (20,21). However, 
the magnitude of the beat to beat variations of the intensity 
of this apical sound was greater than that observed in normal 
subjects. In fact, we have not observed loud presystolic 
vibrations (as in Fig. I) in isolated atrial fibrillation (20). 
Thus, the stenotic mitral valve is another important factor 
contributing to the production of these vibrations in mitral 
stenosis. 
The diagram in Figure 8 shows the relations among 
mitral valve motion. mitral inflow. left-sided intracardiac 
pressures and the apical phonocardiogram. As demon•
strated by pulsed Doppler technique, the mitral inflow rate 
decreased immediately before complete closure of the mitral 
valve, or at the time of small vibrations. This actual decrease 
in mitral flow velocity was also observed by Kalmanson et 
al. (15,16) and Hatle et al. (18) using the Doppler technique. 
As pointed out by Tavel and Bonner (6), it is improbable 
that the velocity of blood across a valve orifice actually 
increases in the face of a rapidly decreasing pressure gra•
dient. After the shorter diastolic periods, or when a con•
siderable pressure gradient exists across the mitral valve, 
there was occasionally a more decelerated velocity of mitral 
flow with prolonged and louder vibrations. In mitral stenosis 
with sinus rhythm, presystolic vibrations are included in 
vibrations of an atriosystolic murmur and we cannot always 
distinguish these two sounds. This fact can be substantiated 
by an example of mitral stenosis with a prolonged PR in•
terval in which two murmurs were recorded independently 
(Fig. 5). An atriosystolic murmur occurring after the P wave 
of the electrocardiogram was observed to appear during the 
accelerated phase of the A wave of mitral inflow signals and 
lasted until the mitral first heart sound. However, the latter 
half of this murmur occurred during the decelerated phase 
of the A wave. Therefore, we conclude that a so-called 
presystolic murmur in mitral stenosis with sinus rhythm has 
two components with different mechanisms: 1) an early half 
that originates from an atrial or accelerated flow. and 2) a 
later half of decelerated flow due to left ventricular contraction. 
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Mechanisms of mitral valve closure. Thus, the intra•
cardiac events related to mitral valve closure and mitral flow 
occur as follows, although the timing and genesis of its final 
closure remain unsettled. After the onset of the increase of 
systolic left ventricular pressure, the mitral valve begins to 
close or assume reverse motion, and the mitral flow begins 
to decrease in velocity under a rapidly falling pressure gra•
dient across the valve. After the crossover of left ventricular 
and left atrial pressures, mitral valve closure has been com•
pleted. The tension of the opposed mitral valve leaflets 
produces the vibrations of the mitral first heart sound, at 
the peak of which the left atrial C wave can be observed 
on pressure tracings (3,12,13). 
Conclusions. Small apical vibrations occurring just be•
fore the first heart sound in mitral stenosis are produced by 
the deceleration of mitral inflow under the increasing left 
ventricular pressure and progressive narrowing of the mitral 
valve orifice. Tricuspid valve closure is not responsible for 
the genesis of this sound. 
We express our appreCiation to Ernest Craige. MD. of the University of 
North Carolina. for his helpful suggestions. 
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